1. Introduction
===============

The Japanese population has been aging at a remarkably increasing rate. As of 2015, people aged 65 years or older comprised 33.84 million or 26.7% of the total population, which were the highest numbers ever recorded.^\[[@R1]\]^ Dementia is one of the most serious problems in an aging society.^\[[@R2]\]^ The Japanese government estimated that the number of individuals with dementia aged 65 years or older was 4.62 million, which is equivalent to a prevalence of 1 in 7 people in this age group.^\[[@R3]\]^ Therefore, measures targeting dementia are of the utmost importance. The core symptoms of dementia are cognitive impairment, behavioral, and psychological symptoms.

People with dementia are likely to have functional urethral incontinence^\[[@R4]\]^ resulting from cognitive impairment; this type of frequent incontinence^\[[@R5]\]^ diminishes the patient\'s daily quality of life. As urethral incontinence may be a burden for daily care,^\[[@R6],[@R7]\]^ use of an indwelling urethral catheter in hospitalized dementia patients may mitigate care burden. However, urethral catheter use in these patients violates the indications of indwelling urethral catheters, which are as follows: the patient has acute urinary retention or bladder outlet obstruction; there is a need for accurate measurements of urethral output in critically ill patients; perioperative use for selected surgical procedures; to assist in healing of open sacral or perineal wounds in incontinent patients; the patient requires prolonged immobilization (e.g., potentially unstable thoracic or lumbar spine, or multiple traumatic injuries, such as pelvic fractures); or to improve comfort for end-of-life care if needed.^\[[@R8]\]^ Additionally, indwelling urethral catheters are associated with catheter-associated urethral tract infection (CAUTI),^\[[@R8],[@R9]\]^ immobility,^\[[@R10]\]^ pressure ulcer,^\[[@R11]\]^ mortality,^\[[@R9],[@R12],[@R13]\]^ longer hospital stay,^\[[@R9]\]^ and higher care cost.^\[[@R9],[@R14]\]^ Therefore, unnecessary use of urethral catheters could be unethical. Nevertheless, there have been few investigations into indwelling urethral catheter use in older people with dementia in Japan. It has been reported that indwelling urethral catheter use varies by region^\[[@R15]\]^ or care facility,^\[[@R13],[@R16]\]^ although this has never been thoroughly studied in Japan.

Using an insurance claims database, we aimed to investigate contextual effects relating to indwelling urethral catheters in older people with dementia who presented with pneumonia and were admitted to care facilities. Patients with pneumonia were studied as this is a common disease affecting older people, and its incidence has been increasing with the increasing aging population.^\[[@R17]\]^ Indeed, pneumonia has ranked third -- ahead of cerebrovascular accident -- among the causes of mortality in Japan since 2011.^\[[@R17]\]^

First, we assessed regional- and care facility-level variation after controlling for patient-level factors. If care providers adhered to the indications of urethral catheter use listed above, variation should be minimal after controlling for individual clinical factors. Conversely, clustered variations irrespective of patient factors indicate contextual effects. Second, we clarified the effects of indwelling urethral catheter use on patients' mortality, length of stay (LOS), and health care spending. We ultimately aimed to clarify issues of Japanese health care quality and suggest policy implications for health care issues in older Japanese people.

2. Materials and methods
========================

2.1. Study subjects, materials, and design
------------------------------------------

This study was a retrospective cohort analysis that closely followed the internationally recognized Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.^\[[@R18]\]^ It used claims data submitted to the Fukuoka Late Elders' Health Insurance from fiscal year 2010 to fiscal year 2013. In Japan, those aged ≥75 years, or those aged 65 to 74 years with a specific disability, are eligible for Late Elders' Health Insurance. Those aged 65 to 74 years were assumed to have specific intractable disease; therefore, we only included those 75 years or older as study subjects. We initially identified 4791 patients whose primary diagnosis was acute lower respiratory disease, had been administered antibiotics during hospitalization, and were diagnosed as having dementia before or on the same day as admission using the International Disease Classification 10th revision (ICD-10). The ICD codes of "acute lower respiratory disease" and "dementia" are J100, J110, J69 and from J12 to J22, and F00, F01, F02, and F03, respectively. We defined those with procedure code 140013810 after admission as those that underwent placement of an indwelling urethral catheter. Those diagnosed with urinary retention (ICD-10: R33) on the same day as indwelling urethral catheter placement were excluded from the study (N = 37) as this is a definitive indication. Given that the claims data did not reflect withdrawal of the urethral catheter, we could not calculate the duration of urethral catheter placement. As many facilities in Japan routinely change urethral catheters once a month,^\[[@R19]--[@R21]\]^ we excluded those with procedure code 140013810 (implementation of indwelling urethral catheter) and 140013950 (replacement of indwelling urethral catheter) within 1 month of each other (N = 82) because we could not rule those out as semipermanent indwelling urethral catheters. We also excluded who had an operation or procedure during hospitalization (N = 66). We then excluded missing data and obvious imputation error (N = 200). Finally, we identified 4501 patients as study subjects. Inclusion and exclusion details are shown in Fig. [1](#F1){ref-type="fig"}.

![Diagram of subject identification and inclusion and exclusion criteria details.](medi-95-e4694-g001){#F1}

This study was approved by the Institutional Review Board of Kyushu University (Clinical Bioethics Committee of the Graduate School of Healthcare Sciences, Kyushu University).

2.2. Definition of variables
----------------------------

We measured the demographic variables, income state, and year of admission. Additionally, as the claims database used did not include clinical data, we used type of pneumonia, comorbidity, tube feeding, type of claims data, and characteristics of health care facilities to adjust for patient condition. At the patient level, they were categorized by age into 75 to 84 years, 85 to 89 years, and ≥90 years. We defined those having ICD-10 code J69 as having aspiration pneumonia. Urological past history and comorbidities were categorized as either diagnosed before or on the same day of admission. "Urinary retention (ICD-10: R33)" and "neurogenic bladder (ICD-10:N31)" were designated as urological past history, unless the urinary retention occurred on the same day as an indwelling urethral catheter placement. Comorbidities were classified according to the Charlson comorbidity index.^\[[@R22]\]^ We defined those with procedure codes 114005210, 140051210, 140023210, 140023350, 150170550, and 15017610 as those undergoing tube feeding. Income status was determined by use of a meal charge copayment during hospitalization because meal charges are set according to income.^\[[@R23]\]^ Income was classified as lower, middle, and higher. However, we combined middle and higher into a middle-to-higher group because the number in the higher income group was small. The types of claims data were either diagnosis procedure combination (DPC) or not. The DPC is a Japanese case-mix classification and adopted by almost all acute care hospitals.^\[[@R24]\]^ At the level of the care facility, we assessed the number of beds, ownership, and physician density. The number of beds was classified into \<200, 200 to 399, and ≥400 because the Medical Care Law stipulates that at least 200 beds for a regional support hospital and at least 400 beds for an advanced treatment hospital are needed.

Physician density was defined as the number of full-time physicians per bed. Because optimal physician density was not known, we classified physician density into 10 quantiles according to prior research.^\[[@R25]\]^ We classified ownership into private or public. At the regional level, we identified the secondary tier of medical care (STM) in which the facility was located. STM is the unit of secondary care governed by a prefecture according to Japan Medical Service Law. Each prefecture must set its own STMs; Fukuoka Prefecture has 13 STMs.^\[[@R23]\]^

2.3. Definition of outcomes
---------------------------

We set mortality, LOS, and total charge (TC) as outcome measures. Mortality was defined as all-cause death during hospitalization. LOS was defined as duration from admission to discharge or death. The TC (US\$1 = ¥100) billed during hospitalization was used as a proxy for cost. Under the Japanese health insurance scheme, hospital charges are determined by a standardized fee-for-service payment system known as the nationally uniform fee table. The TC included physician fees, instrument costs, laboratory or imaging test costs, and administration fees.^\[[@R26]\]^ In this study, the cost of indwelling urethral catheter was charged as a procedural and instrumental cost. We did not include CAUTI as an outcome variable, despite the fact that the relationship between urethral catheter use and CAUTI has been well established,^\[[@R8],[@R9]\]^ because we could not detect the exact duration of indwelling because of data limitations. However, as subjects were administered antibiotics for pneumonia, the rate of urinary tract infection occurrence during hospitalization was extremely low: 0 cases in the indwelling urethral catheter group and 144 in the no indwelling urethral catheter group.

2.4. Statistical analyses
-------------------------

First, we performed Kruskal--Wallis test for continuous variables and Pearson Chi-square for categorical variables. We employed 3-level multilevel models with random intercept, setting patient factors as level 1, care facility factors as level 2, and regional factors as level 3 to detect contextual effects. We created a null model with care facilities as level 2 and STMs as level 3. Next, we created model 1, inputting patient-level factors, with *P* \< 0.2 in bivariate analyses to the null model. We created model 2 adding care facility-level variables including number of beds, physician densities, and ownership in model 1 to detect contextual effects for urethral catheter use. We used an intraclass correlation coefficient (ICC) for similarity within groups and the median odds ratio (MOR) for variance between groups.^\[[@R27]\]^

Subsequently, we analyzed the effects of urethral catheter use on mortality, LOS, and TC. We performed common logarithmic transformations for LOS and TC because these were right-skewed. First, we performed bivariate analyses to detect the association between urethral catheter use and outcomes. We performed regression analyses (RAs) with mortality, logLOS, and logTC as dependent variables and all variables listed in Table [1](#T1){ref-type="table"} as independent variables (RA model). We employed a logistic regression model for mortality and a linear regression model for logLOS and logTC in RA models. Then we performed a nonparsimonious logistic RA inputting all variables listed in Table [1](#T1){ref-type="table"} and dummy variables of STMs to obtain propensity scores (PS). Each patient in the indwelling urethral catheter group was matched with a unique control from the no indwelling urethral catheter group according to PS (PS match model). From the matched cohort, we employed multilevel logistic regression with mortality as a dependent variable and sex and age group as independent variables with random intercept of care facility level. Similarly, a multilevel linear regression model was used with logLOS or logTC as dependent variables and sex and age group as independent variables with random intercept of care facility level. We set caliper width as 0.02.^\[[@R28]\]^

###### 

Descriptive analysis of subjects by indwelling urethral catheter use.
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Last, we employed independent variables, including sex, age group, and PS, stratified by 5 quantiles^\[[@R28]\]^ with random intercept setting care facility as level 2 (PS stratification model). We also performed a multilevel logistic RA for mortality and multilevel linear RAs with logLOS and logTC as dependent variables. All reported *P*-values were 2-tailed, and the level of significance was set at *P* \< 0.05. We used Stata statistical software, Release 14 (StataCorp, College Station, TX) for statistical analyses.

2.5. Sensitivity analysis
-------------------------

We employed a generalized linear model with clustering care facilities, changing STMs to dummy variables because regional variables were almost 0 for sensitivity analysis of model 2. With regard to outcome, we again analyzed TC and LOS, excluding mortality, as mortality can affect TC^\[[@R29],[@R30]\]^ or LOS,^\[[@R31]\]^ and some urethral catheters were indwelling for palliation.

3. Results
==========

3.1. Descriptive analysis
-------------------------

The results of the descriptive analysis are shown in Table [1](#T1){ref-type="table"}. The number of those with indwelling urethral catheter was 712 (15.8%) among 4501 study subjects. There was no significant association between sex and urethral catheter use. As for age, there was no significant relationship with urethral catheter use. With regard to types of pneumonia, those with aspiration pneumonia had a significantly higher rate of indwelling urethral catheter use. Neurogenic bladder was significantly associated with indwelling urethral catheter use, although urinary retention was not. As for other comorbidities, cerebrovascular accident, pulmonary disease, and diabetes mellitus were associated with urethral catheter use. Those with tube feeding had a significantly higher prevalence of indwelling urethral catheter use.

Claims made by DPC had a significantly higher rate of indwelling urethral catheter use than claims made by non-DPC. Facilities having 200 to 399 beds had more instances of indwelling urethral catheter use and there was a significant difference in distribution. There was no association between ownership and urethral catheter use. There was a significant relationship between physician densities and indwelling urethral catheter use, with the lowest rate of indwelling urethral catheter use in the 6th quantile and a trend toward gradually increased rates toward both lower and higher quantiles.

3.2. Results of the analyses for the variance of urethral catheterization
-------------------------------------------------------------------------

The results of multilevel analyses to detect contextual effects are shown in Table [2](#T2){ref-type="table"}. In the null model, there was almost no variation at the STM level. However, there was variation at the care facility level, with an ICC of 0.15 and an MOR of 2.08.
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Results of multilevel analyses to investigate contextual effects of indwelling urethral catheter use.
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In model 1, which controlled for patient factors, the variation at the care facility level was barely decreased and the changes of ICC and MOR were also minimal. In model 2, which added care facility factors to model 1, ICC and MOR were decreased (0.13 and 1.93, respectively), although there was variation at the care facility level. Number of beds and ownership were not significantly associated with urethral catheter use. Physician density was significantly associated with indwelling urethral catheter use, and each quantile, except for the 5th, 7th, and 8th, had significantly higher rates of indwelling urethral catheter use compared with the 6th quantile (Fig. [2](#F2){ref-type="fig"}).

![U-like shaped relationship between indwelling urethral catheter use and physician density.](medi-95-e4694-g004){#F2}

3.3. Results of the assessment of the relationship of urethral catheterization with mortality and care resource use
-------------------------------------------------------------------------------------------------------------------

The number of deaths among all 4501 subjects was 370 (8.2%). There was a significant difference between the number of deaths in the urethral catheter group (112 (15.7%)) and that in the nonurethral catheter group (258 \[6.8%\]). The indwelling urethral catheter group had significantly longer LOS and higher TC (Table [1](#T1){ref-type="table"}). Indwelling urethral catheter was a significant risk factor for mortality, increasing the risk by between 130% and 200% according to all models shown in Table [3](#T3){ref-type="table"} (bivariate analysis: 2.55 \[2.01--3.24\] *P* \< 0.001; RA model: 3.13 \[2.40--4.08\] *P* \< 0.001; PS match model: 2.30 \[1.59--3.33\] *P* \< 0.001; and PS stratification model: 3.04 \[2.31--3.99\] *P* \< 0.001). Similarly, the results derived from all models revealed that indwelling urethral catheter use added significantly extra cost (bivariate analysis: 0.13 \[0.10--0.16\] *P* \< 0.001, RA model: 0.12 \[0.10--0.15\] *P* \< 0.001, PS match model: 0.12 \[0.09--0.15\] *P* \< 0.001, and PS stratification model: 0.13 \[0.10--0.15\] *P* \< 0.001). Those with indwelling urethral catheters had significantly longer LOS, except for those in the PS match model, where they tended to have longer LOS although this did not reach statistical significance (bivariate analysis: 0.08 \[0.05--0.11\] *P* \< 0.001, RA model: 0.07 \[0.04--0.10\] *P* \< 0.001, PS match model: 0.04 \[0.00--0.08\] *P* = 0.067, and PS stratification model: 0.06 \[0.03--0.09\] *P* \< 0.001).
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Results of the assessment of the relationships among urethral catheterization, mortality, and care resource use.
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3.4. Results of sensitivity analyses
------------------------------------

The results of the generalized linear model with clustering care facilities were similar to those of model 2 (Supplemental Digital Content 1). The results of all the models, except for mortality, showed significant relationships between indwelling urethral catheter use and longer LOS and higher TC (logLOS: bivariate analysis: 0.09 \[0.06--0.12\] *P* \< 0.001, RA model: 0.08 \[0.05--0.11\] *P* \< 0.001, PS match mode: 0.06 \[0.02--0.10\] *P* = 0.007, PS stratification model 0.08 \[0.05--0.11\] *P* \< 0.001, logTC: bivariate analysis: 0.15 \[0.12--0.17\] *P* \< 0.001, RA model: 0.14 \[0.11--0.16\] *P* \< 0.001, PS match model: 0.16 \[0.12--0.19\] *P* \< 0.001, and PS stratification model: 0.14 \[0.11--0.17\] *P* \< 0.001) (Supplemental Digital Content 2).

4. Discussion
=============

4.1. Statement of principal findings
------------------------------------

This study showed that indwelling urethral catheter use was significantly associated with higher mortality, longer LOS, and higher TC. The pattern of indwelling urethral catheter use was clustered by care facility level; nevertheless indwelling urethral catheter use was related to worse outcomes and care resource waste, as stated above. Regarding the characteristics of care facilities, number of beds and ownership were not significant determinants for indwelling urethral catheter use. Although physician density was significantly associated with indwelling urethral catheter use, the relationship was not linear but U-shaped, such that the approximate median had the lowest rate of urethral catheter use and this increased gradually toward both lower and higher physician densities.

4.2. Strengths and weaknesses of the study
------------------------------------------

The strength of this study was its comprehensive coverage; because almost all procedures were claimed, indwelling urethral catheter use was included in claims data. Additionally, the number of subjects belonging to Fukuoka Late Elders' Health Insurance was approximately 600,000 people,^\[[@R32]\]^ which was enough to obtain robust findings. Unavailability of reporting of the severities of pneumonia, activity of daily lives and clinical data including laboratory tests were limitations of the study. Furthermore, we could not find out the duration of indwelling urethral catheter placement because urethral catheter withdrawal was not claimed.

4.3. Important differences in results
-------------------------------------

It has been reported that those with indwelling urethral catheters had significantly higher mortality, longer LOS, and higher TC because urethral catheter use was closely related to CAUTI.^\[[@R9],[@R14]\]^ However, our study revealed that indwelling urethral catheter use in older patients with dementia was related to higher mortality, longer LOS, and higher TC despite the rare occurrence of urinary tract infection.

Certainly, the claims database used did not include clinical information; therefore, we could not rule out whether patients with indwelling urethral catheter were already in a worse condition although we fully adjusted for patient condition using the available variables (comorbidities, type and characteristics of pneumonia, characteristics of healthcare facilities, and analytic tools, such as propensity score matching). However, the trend toward longer LOS and higher TC was clearly seen even when mortality was excluded. It has been suggested that low-quality care, represented by unnecessary indwelling urethral catheter use, could lead to poorer outcomes as well as wastage of health care resources including longer LOS and higher TC. Although Georgiou et al^\[[@R33]\]^ reported that indwelling urethral catheter use might be a measure of care quality, this was not clear-cut because their study included various case mixes. Our study clearly showed that urethral catheter use was related to poor care quality in the entire cohort. Other novel findings were that the determinant for indwelling urethral catheter use was not a regional factor but a care facility factor, and that, among care facility factors, physician density was significantly related to indwelling urethral catheter use while number of beds and ownership were not. Additionally, the relationship between the rate of indwelled urethral catheter use and physician density was not linear but U-shaped. Reasons behind the association between low physician density and higher rate of urethral catheter use could include practical style,^\[[@R34],[@R35]\]^ differences in structure, culture and education of care facilities,^\[[@R13],[@R36]\]^ and labor saving in essential care as a result of insufficient care resources. Interestingly, however, those in facilities with higher physician density also had higher indwelling urethral catheter use. We cannot rule out the possibility that the severity and complexity of diseases that were not captured in claims data affected the results of the study. However, diminishing marginal productivity^\[[@R37]\]^ in addition to physicians' practice style^\[[@R34],[@R35]\]^ and differences in structure, culture, and education of care facilities^\[[@R13],[@R36]\]^ could contribute to higher rates of indwelling urethral catheter use even in affluent care resource facilities. Although there were conflicting reports as to whether more physicians could achieve higher care quality,^\[[@R38]--[@R41]\]^ our findings indicate that higher physician density alone did not achieve higher care quality, which was consistent with prior research.^\[[@R39]--[@R41]\]^ As our study results could not elucidate the specific cause of the relationships between higher physician density and higher rates of indwelling urethral catheter use, further research into this is needed.

4.4. Implications for policymakers
----------------------------------

Our study found variation in indwelling urethral catheter use between care facilities. There have been few studies investigating the care quality for older people in Japan; some have reported inappropriate urethral catheter use,^\[[@R8],[@R33],[@R42]\]^ suggesting that greater attention should be paid to care quality in aging societies. Governments should encourage more vigorous ongoing research using electronic administrative data, including insurance claims data, for assessing care quality. It has been reported that the rate of indwelling urethral catheter use tended to decrease once government-mandated nursing home quality measures were implemented in the United States,^\[[@R8]\]^ although there was no similar activity in Japan. There is an urgent need to construct a framework to measure, report on, and promote the improvement of care quality for older people.
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